In order to better constrain the Neoproterozoic paleogeographic reconstruction of continents and to improve the understanding of the snowball Earth hypothesis, paleomagnetic investigations were carried out in the Aksu area of the northwestern Tarim basin. Forty-eight sites of samples were collected from the Sugetbrak and Chigebrak formations. Twenty-four sites of sandstone and volcanic rock from the Sugetbrak Formation revealed stable characteristic remanent components (ChRm) isolated between 500 and 680°C. The computed magnetic directions from these components are consistent and significantly distinguished from those of younger ages. Both normal and reverse polarities have been observed, and a positive fold test is revealed after bedding corrections at 95% confidence level. Anisotropy of magnetic susceptibility measurements shows primary sedimentary fabrics with weak anisotropy degrees. A paleomagnetic pole is calculated at 19.1°N, 149.7°E, k = 11.2, A 95 = 9.3° with n = 24, yielding a paleolatitude of ~27°N for the sampling area. The chemo-stratigraphic correlation of this section with reference ones reveals an average age of ~595 Ma. A new paleogeographic reconstruction has been attempted showing general low paleolatitude positions for the Australia, South China and Tarim blocks at about 600Ma. This observation provides new evidences for the snowball Earth hypothesis.
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Introduction
About 50 years ago, scientists noted for the first time some major differences between Neoproterozoic glacial deposits and Cenozoic glacial deposits (Harland and Bidgood, 1959; Harland, 1964a Harland, , 1964b . Firstly, the Neoproterozoic record indicates global-scale glaciations and secondly, paleomagnetic studies yielded low latitudes for these continents (e.g. Bidgood and Harland, 1961) . These phenomena led Harland (1964a) to postulate that there existed a "great Infra-Cambrian glaciation" in the Earth's history. Due to the development of paleomagnetism and improvement of analyzing techniques in rock magnetism, many studies were carried out to test the low-latitude glaciations (Morris et al, 1977; McWilliams and McElhinny, 1980; Zhang and Zhang, 1985; Schmidt et al., 1991) . All these studies seem to confirm low-latitude glaciations during the Neoproterozoic. Meert and Van der Voo (1994) assessed the quality of the paleomagnetic results that support the existence of low-latitude glaciations and found that the majority of them had a low reliability for a variety of reasons. Within the same time, "the great Infra-Cambrian glaciation" slowly evolved into the snowball Earth hypothesis (Kirschvink, 1992; Hoffman et al., 1998; Hoffman and Schrag, 2002) . This hypothesis implies that the Earth experienced several complete freezes in its history. The three most acceptable episodes are the Sturtain, Marinoan, and Gaskiers (Hankalchough in Tarim) glaciations (Grey et al., 1998; Xiao et al., 2004; Condon et al., 2005) . However, the existence of these low latitude global glaciations relies upon a small number of high quality paleomagnetic data, such as those from the Elatina Formation in Australia (Schmidt and Williams, 1995; Sohl et al., 1999) . More paleomagnetic data from the other blocks are needed to verify low latitude glaciations, and forwardly, to test the snowball Earth hypothesis. For this reason, and also to better constrain the paleogeography reconstructions, paleomagnetic studies have been carried out in the Tarim Basin where the Neoproterozoic glacier deposits have been well documented (Gao and Zhu, 1984; Gao et al., 1985) .
Geological setting and paleomagnetic sampling
The Aksu area is located in the northwestern part of the Tarim Basin, NW China ( Figure 1a ). The stratigraphic succession includes the Mesoproterozoic Aksu group of metamorphic rocks, the Lower Neoproterozoic Qiaoenbrak Formation, the Yuermeinak Formation, the Upper Neoproterozoic Sugetbrak Formation, the Chigebrak Formation and the Cambrian Yuertus Formation (Figure 1b ). Continental and marine glacial deposits are observed in the Yuermeinak and Qiaoenbrak formations (Gao and Zhu, 1984; Gao et al., 1985; Figure 1b) . Terrestrial clastic, shallow marine carbonated rocks, with minor interbedded basaltic flows, characterize the late Neoproterozoic strata. Several tectonic episodes have occurred in this area since the Neoproterozoic, one of them, an early Permian event possibly related to the accretion of Tarim into the southern margin of the Asian plate, influenced the whole north margin of the Tarim block (Watson et al., 1987) . Angular stratigraphic unconformities have been observed between the Lower and Upper Cambrian, as well as the Lower Permian and Devonian sediments (XBGM, 1967) . The collision between India and Eurasia in Cenozoic times also is responsible for the tectonic reactivation of this area. Li et al (1991) The overlaying Chigebrak Formation is composed of layered gray stromatolitic dolomite (141 m thick, Gao et al., 1985) . In Area II (Figure 1a ), 80-100m thick interbedded basaltic flows were locally found at the boundary between the Upper and Lower Sugetbrak formations.
No direct bio-stratigraphic age has been obtained from the Sugetbrak Formation.
It may, however, be estimated by litho-stratigraphic correlation. The investigation on the Neoproterozoic stratigraphy carried out in 70 and 80's revealed that the Neoproterozoic sedimentary strata well exposed in the Aksu area in the northwestern Tarim Basin could be correlated with those of the Quruqtagh area of the northeastern Tarim Basin (Figure 1c ; Gao et al., 1985) . The Yuermeinak Formation, overlain by the Sugetbrak Formation is a diamictite that is regarded as being synchronous with the Tereeken diamictite in the Quruqtagh area (Gao et al., 1985; Figures 1b and 1c) .
Chemo-stratigraphic and sedimentary features of the Tereeken diamictite suggest a Marinoan age for the Tereeken glaciation (Xiao et al., 2004) . Thus the Sugetbrak Formation can be considered as the strata that deposited after the Marinoan glaciation.
We collected paleomagnetic samples of the Sugetbrak Formation from two separate study areas (Figure 1a ). In both areas, the deformation is weak; the rocks do not exhibite any obvious schistosity. The strata exposed in Area I, about 40 km in the southwest of Aksu city (Figure 1d ), are monocline, however, variable beddings are observed in Area II, about 100 km in the southwest of Aksu city ( Figure 1e ).
Figure 1
Forty-eight sites were drilled using a portable gasoline-powered drill. In Area I, we collected 6 sites of gray limestone from the Chigebrak Formation, 4 sites of red sandstone and 6 sites of yellow sandstone from the Upper Sugetbrak Formation, 8 sites of red sandstone from the Lower Sugetbrak Formation. In Area II, we collected 2 sites of red sandstone and 8 sites of yellow sandstone from the Upper Sugetbrak Formation, 4 sites of volcanic rocks and 10 sites of red sandstone from the Lower Sugetbrak Formation. Each site is composed of 6 to 10 cores oriented by both magnetic and solar compasses, when it was possible. The difference between two azimuth measurements is about 3.5±2.0° and this mean value is used to the orientation corrections for those measured only by magnetic compass as well as for the trends of the beddings. In this paper, site names initiated with X, S, 5 refer to the samples collected in 2001, 2003, 2005, respectively. 
Paleomagnetic analyses

Laboratory measurement and directional analytic techniques
In the laboratory, drilled cores are prepared into standard specimens with 2.5 cm in diameter and 2.2 cm in length. Several methods were applied to magnetic demagnetization methods were applied to clean the magnetic remanence. The majority of sandstone specimens were measured in LMRO with JR5A spinner magnetometer; the remaining samples were measured in IPGP with a 2G cryogenic magnetometer for comparison reason. Almost all of the limestone specimens were measured in IPGP with a 2G cryogenic magnetometer because of its low magnetic remanent intensity. No significant difference was found between the results of these two laboratories. The magnetic remanent components were isolated using the principal component analysis method (Kirschvink, 1980) , the mean directions were computed using Fisher spherical statistics (1953) which included in PMGSC (V4.2) offered by R. Enkin. The reconstruction map of continents was made using GMAP software provided by T.H. Torsvik.
Magnetic mineralogical analyses
Area I
The paleomagnetic collection from this area is essentially composed of limestone of the Chigebrak Formation and sandstone of the Sugetbrak Formation (Table 1) , their magnetic behaviors are very different, and so they will be separately discussed.
For the limestone of the Chigebrak Formation, isothermal magnetization measurements show linear increase of IRM up to about 1.5 Tesla without total saturation, indicating predominant high coercive magnetic minerals (Figure 2a ).
Weak and noisy susceptibility intensity has been measured during the heating process of the thermal magnetic experiment (Figure 2b ), a rapid increase of magnetic susceptibility took place at about 600-550°C during the cooling, which indicates a mineral oxidation during the thermal experiments (the inlayed figure in Figure 2b ).
Pyrite may be the origin of newly formed magnetite. The magnetic hysteretic curves show also almost linear relation between the applied magnetic field (H) and induced magnetization up to 1.2 Tesla. As no low magnetic coercive minerals have been identified by either IRM or hysteresis courves, the relative drop of magnetic susceptibility at about 580°C may be produced by newly formed magnetite ( Figure  2b ), and the concentration of magnetic remanent minerals in the limestone should be low.
For the sandstone of the Sugetbrak Formation, IRM measurements show a relative rapid increase of remanent magnetization at the weak applied field but without a total saturation at about 1.5 Tesla, indicating the existence of both low and high magnetic coercive minerals in samples ( Figure 2d ). Thermal magnetic experiments revealed a slight continuous drop of magnetic susceptibility at about 580°C, and then there is another drop after 600°C, identifying the existence of both magnetite and hematite (Figure 2e ). The magnetic hysteretic curves show a linear relationship between the applied magnetic field and induced magnetic moment without any saturation tendency at about 1.1 Tesla (Figure 2f ), confirming that hematite should play a dominant role for the magnetic remanent carriers as usually observed in the red beds (Butler, 1998) .
Area II
As the paleomagnetic collection from this area is composed of sandstone and basalt (Table 1) , their magnetic mineralogical investigations will be described separately.
To the sandstone samples, several representative specimens were chosen for the Figure 3d ), 6 limestone sites of the Chigebrak Formation are, therefore, excluded from the following discussion.
Concerning sandstone and basalt samples, because both techniques show similar
results and the thermal one seems more efficient, the latter one has been used as the principal magnetic remanence cleaning technique. Most of the measured specimens show multi-components and normal polarity (Fig 3) , some of them show reversed polarity (Figures 3c and 3g ). Both polarities have been observed in Site 505.
Figure 3
Several groups of directions isolated from the remaining 42 sandstone and basalt sites were distinguished as following: 3 sandstone sites show a site-mean direction close to the Present Earth Field (PEF; see 
Table 1
Area-mean directions have been firstly computed before and after bedding corrections (Table 1) This new mean direction is consistent with the global one (Mean B in Table 1 ).
Figure 4
The progressive unfolding shows a significant improvement in clustering after bedding corrections with respect to before ones for both area-mean directions with ratios of Ks/Kg=2.24 and 1.67 (Mean a and Mean B in Table 1 ; Figures 5a and 5b) . The optimal concentration of direction correction (DC) tilt test are achieved at 108.08± 32.84% and 119.04±36.10% (Enkin, 2003) , indicating a positive fold test at the 95% confidence level for both mean direction calculations (Figures 5c and 5d ).
McFadden's method (1990) gives also positive answer to fold test at 99% confidence level. 
Reliability of paleomagnetic data
As mentioned in the geological setting section, the sampling areas experienced several important tectonic events since the Paleozoic, for examples, the continental accretion of Tarim into the southern margin of the Asian plate (e.g. Watson et al., 1987) , large scale strike-slip relative motion between the Tarim and Junggar blocks (e.g. Wang et al., in review) , important deformation along the boundaries of Tarim block due to the India-Asia collision (Chen et al., 1993) . In order to recognize the deformation degree of sampled rocks as well as the possible influence of tectonic events on the magnetic remanence, the Anisotropy of Magnetic Susceptibility (AMS) measurements have been systematically carried out on specimens. The orientation of the principal magnetic fabric axes, namely Kmax (K 1 ), Kint (K 2 ) and Kmin (K 3 ), has been measured for each specimen. K 1 represents the magnetic lineation and K 3 the pole of the magnetic foliation. The bulk magnetic susceptibility, excluding the basalts, varies from 6 to 526 x 10 -6 SI with an average value of 151±142 x 10 -6 SI. The anisotropy degree (P') and shape parameter (T) have been calculated. Table 2 and Figure 6 present AMS measurement results of the 21 sedimentary sites used to calculate the area-mean direction. The P' value ranges from 1 to 1.12 with the majority lower than 1.10 for both areas. The average value is 1.05±0.05 and 1.06±0.06
for Area I and Area II, respectively (Figure 6a , circles refer to Area I and stars refer to Area II). This may imply that the sampled rocks have not been significantly deformed by tectonic events. In Area I, most of specimens reveal a positive T value, indicating that the magnetic foliation is dominant with respect to the magnetic lineation ( Figure   6a ). However, the dominance of magnetic foliation in Area II is less significant than in Area I (Figure 6a ). The equal-area projections of the principal axes ( Figures. 6b and   6c ) show near horizontal K1 axes and highly inclined K3 axes for the most of measured specimens, respectively, indicating a well defined horizontal attitude for the initial bedding. Combining the weak anisotropy degree, the planar fabric dominance and the confidently initial horizontal bedding, the fabrics measured from these specimens can be considered as primary and sedimentary.
Figure 6
Table 2 The observations of positive fold test, both normal and reversed polarities, stable magnetic remanent carriers and primary sedimentary AMS lead us to conclude that the characteristic remanent magnetization isolated from the Sugetbrak Formation of the Aksu area is primary. A paleomagnetic pole is, therefore, calculated from 24 sites (Table 1) : λ =19.1°N, φ =149.7°E, k = 11.2 with A 95 = 9.3°, yielding a paleolatitude of 27.3°±10.0°N at the sampling locality (Table 1) .
Age range of the Sugetbrak Formation
Though several radiometric attempts have been made to date the basalt interlayer at the top of the Lower Sugetbrak Formation, no direct age constraint was obtained.
However, a chemo-stratigraphic investigation on the same section of the Sugetbrak (Pidgeon et al., 1989; Li et al., 2003) are not statistically different from that of the Aksu dykes (785±31 Ma, Zhang, personal communication). This may imply that these rocks could be related to the same magmatic event. 2. In addition to this widespread magmatism, the Neoproterozoic Sturtian tillites and overlaying sedimentary succession in the Kimberley Proterozoic Basin (Plumb, 1996; Corkeron et al., 1996; Grey and Corkeron, 1998) are also comparable to those of the Tarim Basin (Gao and Zhu, 1984; Gao et al., 1985; Brookfield, 1994) . Concerning the paleoposition of SCB, as it is beyond the scope of this study, we just put the possible latitudinal positions in Figure 8 (see Li et al., 1999; for detailed discussion).
The configuration at about 600 Ma (Figure 8a) is quite similar to that given in is needed to enlarge the database and to make more comprehensive understandings.
Figure 8
In summary, this paleomagnetic study yields a reliable paleomagnetic pole for the Neoproterozoic Sugetbrak Formation based on (1) Table 2 for P' and T definitions). Sites with * were excluded from average direction calculation of Mean A . Sites with * and ª were excluded from average direction calculation of Mean B .
Abbreviations: Lith, lithology; Slong/Slat, longitude and latitude of sampling site; n/N, number of samples used to calculate mean direction/number of demagnetized samples; N, R and M, magnetic normal, reversal and mixed polarities, respectively, Dg, Ig Ds, Is, k and α 95 , declination and inclination in geographic and stratigraphic coordinates with statistical precision and the radius that mean direction lies within 95% confidence, respectively; Plat/Plong, latitude and longitude of paleomagnetic pole with A 95 , 95% confidence. [ ] − 1 , where K 1 , K 2 and K 3 are principal axes of the magnetic fabrics and K m is their average. K1: Magnetic lineation; K3: Pole of the magnetic foliation; Dec, Inc: declination, inclination, respectively, in degrees.
